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OXVFLUCNRINmON stituents which arc not confined to caibon and hydrogen Mid 

whkh include, in addifiton to caibon and hydrogen, other 
This appUcation is a §371 U.S. national stage filing of atomic species as conslituenis. carbon, glasses. m«als. 

intSLlffia5"tionPCrr/ro2003/004701.ffied230ct '^i^^^^J^;),'^'>°^^^:SSi^ 
"0^pubUshSinEngUshon6May 2004 asWO 2004/ J Wends and inlxtuiesfi>ctwf.B is exptttcd that toe ^^^^ 

537905X1) Sclaimi^ priority to ZA2002/8671 filed 25 !»»f«<'f««1»«°^f:«r^'^^ 
Oct 2002 and ZA 2003/1355 filed 18 Feb. 2003. m the coating of polymeric f^jf^^^J^f^f 

THIS Es^VENTION relates, broadly, to oxyfluorination. particularly those which are nsfiactofy or resistant to roat- 
Mo™™3y to invm^^^^^ relates to a Jocess for the ing. When the process is used to P^^^^^^^^' 
SStionofasurfececfasolidtoaaivateit. 10 mcric or ebston^ric pnxhicls whui are 

According totheinvention,theieispiovidedaprocessfor ing. the process may mdude ^Je^ting tte fflateral 
theStil by ojcyfluorination of at least part of a suifece which is subjected to acbvatioii by o^y^^^^ 
of a solid, whid. process includes exposing, under selected groiqj of mater«ls consKting ^^f^^^^^^f 
conditi^ of temVa^ and pressSc and for a selected tomeric matenals and mixtures of imy 1*'°^ 
reaction time, at Impart oftbesurfaccofthematerial of is ^l^eP^^esj may mdude selecting the soUdm^^^ 
^lolid to an oxyfLrinating atmosphere which is a is subjected to acbvation by cxyfluormation from the poi^ 
gwAiour mixture which ind^ at least one fluorine- of such materials havmg constituentewhich are con&iedto 
SSe«*iiicbreacte withthematerialoftheexposed carbon and hydrogen, such as ^^^"-"^ 
sSTi test one oxygen-containing gas which reacts instead, the proems may mchide selecting the solid n^enal 
withttein8terialoftheS»sedsiir6ce.andwaiffvaponr. 20 ^'^ch is subjected to activabon by o^fltw^^^ 
Sgases in the oxyfinoitaatingatmo^cre acting to oxy- group of such materials tevmg ^^^^^^^^^ .^l^^;.^^"^^^ 
fluon^te the exposttl surfiicc^ereby to activate it. and the confined to carbon and hydrogen and which inchide. m 
ST^SaSSS^Svationoftheexposed addition to carbon and hydrogen, other atomic species as 
w&ccrenhancetheamenahdlityoftheexposedsurfliceto constituents. Such polymeric matenals and mxxtoes or 
aLsive bonding to otherimrte^ts. the process inctading 25 ^^''^^^'^^.'^^''^y^t^'lZ^^^Z 
selecting the fluorinc^ontaining gas from the group con- replaced by fluflrme aoms. Such polytners can be used for 
sisting of F,. XeF„ OF. Cff,. BrF. BrF^, BrP,. IF,. the tnass production ofmoto^veMde parts, such as bumf«rs 
SIf! and mixtu^;s of ^ny t^^ or lAoie thcreo£ orbuffi«.tawhichcaseitcanbe miportantanddesa-ableto 

By flu^e-containinggasismeantthateachmolecnleof be able 10 coat them with durable pamt coatmgs^ wb^ 
the gT^S at Iwsf one fine atom, and the tenn 30 adhere ^^^"^^"""^l^J^f 
oxyg^containing gas has a corresponding meaning. thelcss also apply to coaimg sohdnuiteniUswhtt* are^^^^ 

KrtcdTSe enhanceneatlf the Ictivation of (he polymeric mataials. bitt which have surfiu«s which can be 
cxposS snrfece may act to enhance the araenabUity of the activated by the activatng ahnosphcre to receive coaungs. 
exposed surface to adhesive bonding to other materials. with desirable adhesion ^CTCto. 
Such other materials include inks or pigments printed 3s It is fortherexpected tot theprotots of the proc«^^^ 
thereon, coating materials deposited thereon by metalliza- the present invention will hav^; substantial utilt^ m me 
tion such as vMwur phase metallization, and m particular produdion of composite matenals, structunres and/or arti- 
glues and adhesiws, ceramics and paints. Such other mate- ffects wherein a matrix such as a cmaittUous matiw is 
rials also include matrix materials such as concretes or otter strengthened or reinforced by remf(Mcmg matenal. In fliese 
sdcementitious materials or the like, renforced by the soHd « cas^ «ie component m the liowable mouldable state is 
having the acti^-ated sur&ce in the reinforcemait of such typically a cementitious slurry which is caused or aEowal to 
mattSinatetials by oxyfluorinated reinforcing materials, fbr set and/or cure in ccntaa with Ae solid component which 
example in tte Mwlnction of composite products. acts as a reinfcicing component, to form a Mt cemenUtious 

•nras, for implications involving the foimation of an matrixwhidi adhesively adheres by means of a cementtttous 
adhodve bond between two ctMraponajts, Ijry bringine the 45 bond to the rranfbrcing componait so that the matnx is 
oompcments into connct with each other with one of tbe snengiheaed and reinforced thereby. Su«± canenutious 
components bong in a Ikwable ormoukJabte state and with matrices have, typtcafly. a relatively low tensile strength 
the other ofthe components brang in soBd form andhavu« and/or a relatively low flactare toughness, wham the 
a surace at least partly activated ffltyftaoiinatiofn, and reiflforcii« materials Realty have a rdatively high tensile 
causingorallowingtheflowaWeormooldahlecompwwntto » strength and/or ftactiiretoi^hness. The iwnfoicing material 
set or cure in ccntact with the solid component, thereby to wiHthusbesolidatambicntttmipcraturraandmaycoi^nse 
bond adhesively to the solid component to fbrm an adhesive particles such as granules, or. m particular, fitees, arei may 
bond therebetween, the process of the present invention acts be in the fbnn of a polymenc mattml, a metal, caibon tar a 
to wovide the solid consent wifli a surface whose glass which is activated by flic oxyHuonnatKm. 
enhanced activation in turn enhances adhesion of the set or ss As indicated above, examples of pdymenc malenals 
cured component to the solid component, the surface acti- c(Hitenn)lated for activation by oxyfluoniiation by »c P">- 
vationof the solid componoit being effected priorto Wng- cess of the presait invoition mdudc polymers wtoctt are 
ing the components into contact with each other. pol^ydrooart»tts such as polypropylene, pol^ylene. 

The process may include selecting the solid material polystyrene, polypentrae. polybutadiene. or the oon- 
which is subjected to activaticm by oxyfluorinaiion from (he so sisting only of carbon and hydrogen, and n>«t<=« "Jlfff 
groiro consisting of polymraic materials having constitaoits of two or more such polymers, which may be scl«ted BOin 
whidi are confined to carbon and hydrogen, elastomeric hydrocarbon homopolymers and copolymers such as bto* 
materials liaviia constituents which are confined to carbon copolymers, randran- or statistical copolymers and grait 
and hydrogen, polymeric materials having constituents copolymers, and fiomliigher polymers aich as terpolymers, 
which are not confined to carbon and hydrogen and whidi « containing only cartm and hytog«m. Instead the 
include, in additton to caibon and hydrogm. other atomic materials selected for activatwn by ^yS""^"" ^ 
species as constituents, elastomeric materials having con- comprise polymers of olefins which do not onfy contam 
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«id hvdrocatbon polymers may be blended or mixed above, tbe fliwrme-comaimog gas may Z^^'z^S^rr,r^P^^ 

onlycaibonaadhydrogcn,aiid/orlhehydrocarbonpolymas ^I^'^^^^S^^i^ as XeFlor 

mJbebleDdedormixedwithpolymmofolefinswluchdo J ''^ '"^'i'^^^^^'^' ^^T^,%dTF,, 

not contain only carbon and hydrogen, but wluch coniaan ^ OF,. ^ 

«thpr roTi«tituents each of "wch polymer groups again or oxides of fnionne sum as ur^ or u^tj so ""^j " 

Irite teaadiene styrencs (ABS polymers), one or more of Furthermore, tbe procKs may '"Vr*! f.^j3, 

SaSte^^uorinc atoms, before activation group ofoxygen-contammg gaseous compounds cons«tmg 

thereof in accwtoce wifcthe process of liic present inven- of 0„ 0, f<J ""^^ T^^L «i,r,n*nhem mav include 
rimRlaMls which are activat^by oxyiiiiorinatitm may be Optionally, the oxyfluonnatmg atmosphere may maufle. 

°re£^ bonding of ^e products of the " S Si i^STy incMde diluH^^^^^^ 

pm^roftoe^Sentiaventio^suUUzcdLthes^^ ing ^^^^^^ aj^h^^ 

ffluna and reinaicemeni of a cemealitious matrix, the rem- exposed sur&ce and uwrt to fte other '^^""^^t^ "f 

SgS^^a»i^«>«venientlyapolypropyienc O'^V^'"'*^ '^ostAer^^md 

rrmlveihvlene. such as an ultrahigh mass polyethylcaie 30 For example. *e oxyfluonnalmg frtmosphae may be a 

(mWEf^rTwSSjSe?^^^^^ tnixtureoffluorinegasandwetoraoistairc^tam^w^^ 

SXenS^SSTmaterialother'than a polymer. W-J^j^^'^^^^TSrST^O V 
but whidi to surfaces which can be activat«l by Ac ^^^STbdS; « 

activating amiosphere of the present process, examples water v-apour. Thus. the P'^smay mdudesei^^ 

togiand^eelssuchas^ldsteelgalvanizedsteel 35 ^&^^'^*^«^f"''^^fjT^Stmm 

and stainless steel V^Tuai the enhanced bonding of the gases and mixtures of any two "'f^^^^jT^ 

SSdS of flw^cers^the present invention is utiUzed particularly, the process may gases and mucturcs of any two 

ttSiXffoSc^P^riStsinthe&nnofpolymen;. STlrc ther«f. Mon. panicuJarly. *<=P™<;f?,°^y^ 

S convenientiraa olefinic polymer such as a selecting the inert gas fiom the group 8 

ZS^Z^T^, a high^i^ polyethylene 40 argon, carbon dio«demoI^mtiogen(N^ and mixtures 

fflorefor a reactDff-«iadc thermoplastic olefin (BTPO). ofany two <» more fliereof. • „ „ 

^™^,i<irS^l^ seleL« the solid material m particular, the process may ""^"Je us^ the 

wlShis'^SectS^activatioabyoxyfhHmnation^^ oxyfti^ung f^'^.'±^^'^^r^o 

group of DHterials consisting of caAon. glasses, metals. molecular fluorme (Fj) molecular 

So°ds™M^ixtures Tiny two or i^re thereof. In « vw to this case, ite V^^J^^'^^^fT) 

SoJar, the process may inctodeselecliBg carbon as the oxyfluorinatmg atmospheie. usmg molecular mtrogen (N,) 

soUdmaterial whichissubjectedto activatlonby «ylluori- as a ^ ^ 

MLd.theprocessmayincIudcsclectingthesoUdmate. chanced by ^^gectiiig it to to 
rial which is subjected to actK-ation by oxyfluorinatkmfiom » Thi^ optionally, the "f^'^t.ZS^f^ 
metals and metSloids which are members of the group oxyfluornating atmosphw 

consistingofmildsteel.lowcarboasteel.stainlesssteel,and the exposing of the s^id matenal ^ ^^yj^^^^^^ 
mixtures or alloys of a^y two or mote thereof, to particular. abnosphae is ended. The sobjecmig of «he oxy^onnau^ 
Se S«s mafftus iLlude selecting mild steel or low atmosphae to 

carbT^l as ihe solid material which is subjected to 55 e^osing of the ^'^.^^JHcK o^- 

aetivfltifln hv oxvfluorinaiion si*en5. tostead or m addmon, the sabjectmg ot ine oxytra 

"Ti^SS as indicated above, exposing ^^tingahnospheretoj^^.^^^^ 

the surface of the solid material to the oxyftiorinating the cxposmg of the solid matenal to the oxyfliiormatmg 
atmosphcte comrrising the gasA/apour mfamue of the atmosphere. «>i.«ivPiv 
pS tovention%riUbe unda conStions of temperature «o TTie reaction conditions may '^^^f^^^^ 
K«sme.andforareactiontime.selectedtoprovidethe broad limits. Thus the process may •"^ude ^ang tte 

surace with desired properties such as. in paxticu- 
lar! an enhanced amenability to adhesive bonding to other the ^"'""r^of;^-^^^ 

materials, to particular, the process may inchidc selecting at a partial pressme <>f O-^'-.^'^.''*^^ J^!,f^'°^ri^ 
Sefi^<omaining gas which reacts with the exposed « solid mat^ to the "^'^'^S f^°ff^l.^Sto 
!Sfiu»fiom.hegro5«nsistingofmdecalarfl«oime(FJ. »PSS'l,lU°.^^Sio?^:|w 
fln(»mated noble gases, fluorohatogens, oxides of fluorine. oxyfluonnalmg atmosphere of O.l-SW icra wnnwc 
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^oSiSS^ipl«cof8boveO»C. atwhichthe imch as to provide tte wjjj S^^T^S 

mnforcing compfTnem is soUd. e.g. 0° C. up to the melting concoitration of ^^O'"^, ! J^^^^ 

^Satnore. in the oxyfluorinaling atmosphere, the floo- exposed surfece has be^ tocreasf 0.01- » fjgbVcm ^ 

aSSSj Ta p^sure of 1 -200 kPa. more preferably -"^if ^^/I'S^K^^^^ to 
Z] <;otPa and at a teniDerature above 0" C. and below the 30 Tbe process may iwdude e:q)0suig the solid maianai to 
me tl^r'cS/^SS>nTem^ of the mate- the oxy&.orinatii« atmosphere in a «^<=tiaajtotto^ a 
S of the KS^eT^ioJly 20-10^0. Reaction times reaction vessel, the process toctodrng flusta^ *f,iSS 
Sch^s^rth^^^fflolitobefe8siblc.ll>re^^^ 

0.1-«. se^nds. typically 1-10 s«onds or even 1-5 sec- S^f^S 

toparticular, the prooiss may include exposing the solid vating atmpspheremtte 
maie^ra said ^fluorin^ing atmosphere which, in vessel, which has been fl»f»««i?>y "'"^^^ '^^^^ 
Sm to its comprising a fluorine-containing gas. an "gating atmophere. may te earned oitf o^^^^ 
wygen-containing g^s and water vapour, includes at least or on a batchwise basis. If earned out o^af "^^^ 
^^toto rSfconstiment seized torn the group 40 expoangttesohds^eiotheanno^W 
c^Uting of halogens, interhalogen compounds and mix- in in-Une feshton 

Mre ofany two or more thcreoC In otha words, the through a reaction chamber, which may be open-endet 
XiffiiS^^y!^ddition to its comprising containing the atmosphere, which am.^«e ^y be 
aflmrinSS^aas. an oxygen-conlaining gas, water replenished or continuously flushed through the reacuon 
vS?SS^So?^^?sS;^SL'at least « cbamba at a suitable rate to tnam^i ti^^^^^ 
oTfiirlherrca^vcconstitucntkectedftomhalogensolher t«ti«>'!«*'f'^«'?^^lf ^^.-^^^^^^^ 
thanftaorine,suchaschlorine{Cy.bromine{Br^orindeed ormato* °^Jf^»'"B 

iodinedJ V8pour,or8dectedfiomintcrhalogenoompoffluls and if deswd. te subje^d to UV radiation, dunng the 
or mirturcs theteof. The proportion of the floorine-contain- exposure of the sohd thereto. 

too^2Ttl^^SfluoriiSatraospberc can wy within so Naturally, routine experunentauon will be out 
wfde UiSs Ih rXft^conte^ gas n«y Ibim with regard to the various parameters such as oxyfluormat- 
^ SS'by^oLS o?SSSSA l-3k by ing or activating '''^ w^^^: 
whunethetSfParticularlyptefeiiedoxyfluorinatingatmo- reaction timw. '^P!^' «^ '^f^g!^"^^ 
spheios include those in which the fluorine-containing gas ftces are ««'«»^^ 

such as F fonnsS-20% by volume and oxygen (Oj) forms 55 concenhrations actacval tterecm. to adncve opt^^ 

by voZ«: m K^pour coSlit of ^ oxy- least acceptable, rwdts. bearmg practical and economic 
fluorinatina atmosphere may be such that it has a rclaUve amideratwns m mmfl. „,™fl„.rination oroduct 

humidity of 0.1- m, prefembly 30-90%. e.g. 50^0%. The ^"^^^^^^.^^^^^ 

FuithLnore. the process may include exposing the sohd who^rv-er Foduced^ "^C^f soUd S 
material to a said oxyfluorinating atmosphere having a so With '^^^^^ ^.f^^J^^S^ ^^^.^^ 
fluScomaining gas contait of 0.1-99% by volume. In surfeces activated by the P'W^f^?^ "^^^ 
pSdanT^stagofthesolidmalerialmaybetoa said <^^!^^'^''ff^''^'^^^,^^t 
KortoS^os^herc having a ihiorine-conlaining gas paintmg e.g^ spray-pamt..^. the oxyflunnnatod surftoe with 
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a two-component pismcnted top coat in an oiganic soU Example 2-~Coiitrol 

vent or diluent Example 1 was repeated except that the air at 15 kPa 

A mm- and a hardeuer- (or catalyst) component of a p^sent in liievcssd before toadingoflheFyKs gas inixt^ 

two-componeRt polyurcthane or epoxy pamt are typically ^ replaced by artificial dr>' air, j.e. a dry tmxture of 21 .<> 

contmned in two separate containers. Wben the paint is q n9%N2(by voliuneXlhiswaseflectedbyev'actjationof 

required for sjway painting the resin and the hardener are ^ ^^^^ ^ ^ ^ ^cy^on at effectively zero 

mixed in a specified ratio and then thinned to a spraywg p^ssure for purposes of practical utility, followed in turn by 

viscosity. This paint mixture has a limited tifetime. usually |^ . ^^^^ ^^^^^ ^ vessd and loadii^ of 

a few hours. Single-<»mponcnt paints do not requut; or pj^f niixtuie into fee vessel, to produce an essentially 

employahaiitoer,andonlyneedtobcthim«5dtospiaynig ^ oxyftuorinatii^ atmosphere containing negligible 

viscosity. amounts of water vapour. 

\Wth regard to the product of the process of the piesKii ^ ^ flowable and readily casuble and smoo&able 

invention, this extends to a soUd material such as VO^^^ niix was i^epaitjd by mbdng iog(^ ordinary 

material, whenever coated by a coating adhesively bonded ^^^^^^ concnt with dried natural river sand and water, m 

thereto. Tlie jsoduct of the process of the present mvcnuoii ^ ccmenfwater:sand mass ratio of 1 :0.52:2. 'line river sand 

also extends to a composite material, structure aJ^or artiiact ^ maximum particle size in the range of about 2-4.7 mm 

which canpriscs a set matrix, such as a ccmentitious niatnx, ^ ^ average particle size in the range of about 0.6-1 .5 

strengthened or reinforced by rein&rcmg material to which ^ ^ . effected manuaUy until the mixture was 

the ccmentitious mauix is adhesively bonded, the matm s^^jstantially homogeneous. Filare pull-out tests were then 

comprising a settable. e.g. cemailiuous, component which conducted cm dumb-bdl-shaped specimens, one of winch is 

has set in contact with a reinforcing con^)onent to form a i^^:^x€d by reference numeral 10 in FIG. 1, prepared by 

matrix in contact with a reinforcing material compnsmg said into dumb-beU- 

reinforcing component, which matrix adheres thereto, by polyme&yl-methacrylate moulds. Each specimen 
means of an adhesive bond, the reinforcing component ^ jjg^i 0|3jicknessTof2O mm and a maximum width W of 51 

having an oxyftuorinated surface to which the ccmentitious and had a waist 12 which divided it into two lobed parts 

matrix adheres, the surface of the reinforcing oraiponent ^ ^^^^ j2 separated the parts 14 

having been activated and ox^fluorinated m accordance witJi ^ ^ ^Tcvtni bonding therebetween. One of the 

the process of the present invention. monofUamcnt filwres, after surface activation, was embedded 

Tlie invention will now be described, by way of lihistra- ^x2X^ 'm the specunco 10 to extend along the polar axis 18 

tive example, with reference to the following Examples and medmcn lO, wiUi half (20 mm) of its length embed- 

with iefe«mce to the accompanying diagrammaUcdrawmgs. in each lobed part 14. The specimen 10 was then 

in which: allowed to set to fbrm a s^ ccmentitious matrix in which the 

FIG. I shows a three-dimensional view of a test sample reinfordng component formed by the fibre 20 was embed- 

used for the fibre puU-out tests dcscnbcd hereunder with ^ adhesive ccmentitious bonding taidng place between 

reference to Examples I and 2; and the fibre 20 and flic matrix. The cast specinicns were curisd 

FIG. 2 shows a diagrammatic fiow/block diagram illus- respectively for 7 and 28 days in wat©: at a tanperature of 

trating details of the reactor employed for toe coatmg aspect 21-S5EC. llie strength of the adhesive intcrfedal shear 

of the present mvention. between the fibre 20 and the ccmcntitioie matrix was 

REINFORCING OF MATRICES in each case measured using a tensile testing raadiine 

REiNWKi.iiNU w yuKi^r^ equipped with a SOON transducer and a data4oggmg System, 

Examole l-^-fnvention operating at a puU-oui rate of 2 mmtoinute. pe imerfactal 

fcxampiei invennon sh^ar bond strength was calculated by di%iduig the maw^ 

Monofilameni polypropylene fibres were produced by mum shear bond force attained by the bondmg area of the 

direct exttusion to have a rectangular cross-section nomi* 45 fibret i.e.: 
ually of 0.5 mmxl.3 mm. the fibres having a length of 40 

mm. a specificgravity of 0.91. jj^^jJ^f^g^^^^^O^ niaxhaum*earboodta« 

and an elongation at break of 14%. The fibres were loaded lawrfeciai »b£« bowl str^ = . ^ tengthx(w»dih4> trntdae^ 

under a humid ambient air atmosphere into a vacuum s v 

reaction vessel and the vessel was evacuated down to an 50 

absolute pressureof 15 kPa. ThevesscJ was then loaded with^ shear boid force and length were selected 

a dry 20% F^0% N3 (by volume) gas mixture up to an so that the inierfacial shear bond sUrength ms obtained in 

absolute pressure of 45 kPa at a temperature of 38** C, to puUout test results are j»esented in the 

form an oxyfluorinatingamiosidiere in accordance with the f^jiio^ing table, T&ble 1. for fibres produced by boih 

process of tte present invention. The fibres had their sur- 55 p^pj^ j Example 2, and in each case after 7 and 28 

faces activated by oxyfluorination by allowing them to . ^ respectively, five specimens being tested 

remain exposed to and in contact with the activalmg atmo- . 
sphOT in the vessel for 15 hours at 38° C, ailer which the 

vessel was flushed with ambient air. During this contact the TABLE I 

surfeces of the polypropylene fibres were activated by « ' 

oxyfluorination, in the presence of water vapour, by oxygen awr bmd ^^l^v 

fitnn the air at 15 kPa remainmg in the vessel after flie Z^^^, 

evacuation, and by fluorine from the FyN, gas mixture <7d«y, cunng) Jf_y ^ 

added to said air, the water vapour also being deriv'cd from Ewmpiei o.40 O-^ 

the air at 1 5 kPa remaining in tlK vessel after the evacuation, 65 0.^ 
Ilie water vapour provided the oxyfiuorinafing atmosphere 
at 45 kPa with a relative humidity of approximately 18%. 
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abutted on the 600 mmx600 imn floor of the mould which 
TABIE l^ootinued fiiced ufwaitHy, the spmymgtakmg place do^^^^ &om 

^ TABLE I-coatamiea ^ — ^^^^ ^^^^^ ^ jj^e ^5^^. 

Shear bond Shear boad j ^1^^ containing thc filHCS whosc surfaccs had 
Btrmgih (MPa) 5 been sSe-activated in accordance w-ilh Example 3 was 

<^^->- -"^> ^''^^^ ■■■ M to display a total eneigy absorptioDon096joules(J), 

o.so wh^s the control panel or slab whose fibres had been 

VA Av«*PB 04? surfece-activated in accordance with Example 4 was found 

2 0 4 S:l3 to display a total energy absorption of 68g J, ta the u^ of 
^ l:^ 0^9 10 the activation atmosphere of Example 3 led to an increase of 

0.48 038 Ijjj ^jgjgy absorption of the panel or slab, compared 

^•^ ^1? with Example 4. Fuithemioie, while the load-bearing capac- 

Ave«« OAO AverAg. oJp ity Over a deformation range of 5-25 mm of the lattcT pancl 

^^'^ !f or slab was found to decrease &om 67 kN, progressively to 

► • , ^ a value of 7 kN, i.e. by a fkctor of 9.6. the load-bcanng 

From Table I it emerge that the average mlerfaaal bond ^o^city over the same deformation range of the former was 

strengths of the fibres treated according to Example 1 fo^todcciease at a slowa rate fiom 54 kN. progressively 

(Invention) were 0.48 MPa and 0.46 MPa respectively ator deformation range to a value of 26 kN. i.e. by 

7 and 28 days* curing. Thc co^spondii^ values for ^ ^^^^ . ^ j j^^j^iton, the panel or slab 
Example 2 (Control) wo-e respecUvely 0.40 MPa am! 0.39 20 ccmtaining fibres activated in accordance with Example 3 

MPa, nsspectivdy showing an increase of 20% aftCT 7 daj^ (invention) bad a 3.7 times higher residual load-bearing 

curing and of 1 %% after 28 days' curing, compared with the ^p^city than the control pawl or slab whose fibres had been 

contiol. active in accordance with Example 4. 

Example 3— Invention 25 Coating of Materials 

mti RSgard to Examples 5-10 set out hereunder, a 
Example 1 was repeatedusing polypropylene fibres which reactw-gyadc thcmioplastic olefin (RTPO) SP 1 79-22 manu- 
werc formed ftom fibrillated polypropylene tape prod^ fecmred by Bascll ft>lyolefins Company N.V.. Woluwe 
by extrusion followed by a fibrillation process. The fibres Wbluwedal 24, B-1932 Zaventem, Belgium, was 

bad a nominal roclangular aoss-scctk>nal profile outlmc 3^ ^ ^ ' ^ polymers are specified. Ibis RTPO 

of 0.097 mmx7,5 mm. being 36 mm in length, with a consists of isotactic polypropylene polymeri25cd together 
specific gravity of 0.9 1 , a tensile strength of 128 MPa and an ^.^ ^ reactor-made ethylene-propylene rubber (EPR). 
elongation at break of 5.3%. oxyfiuorination atmospheres were used. Dcgreas- 

1 A #-.^1 ingofthematerialstook place beforcoxyfluorinaiion by fipt 

Example 4-Control 35 ^.^ ^^^^^ ^ detergent before rinsing with 



. ■ .t, -Ho*-^ water, foUowed in some cases by wiping with isoproiHnol. 

Example 2 was repeated using the fibnllated mcs ot ^ the Applicant has found fliat the nature of the 

Example 3. det«Eent was not critical, and a number of household 

A proprietary ccm.entitious mixture, Concor HT Wetcicte, ^aom& were found to be suiubk. TTie fluorination took 
obtained from Concor Techoictete {Proprietary) Limilcd, of 40 ^^^^^ temperature, typically 25" C. for various 
1 3 Church Street, Crown Industnal Area, Johamesburg, Lnods of time, fa each case fte treated surlace, atler drying 
South Africa was prepared to form a shotcrete mxxtuie and . ^ j^^g^g^ painted. 

was admixed with fibrillated fibres whose snrfeces tod been are set out in -Dibles 2. 3 and 4 

activatediaaccordancewithExampes3and4respectwely. J^^^eSt^Nnt wa» applied: 

Tbe constituents of 4c mixture, mduding thc aggregate 4j X^lvuretone base coat in an organic 

and fibres, were admixed until substantially homofcacous in A sib8^W>?«^ HSfFmS SA. BP 1025. 
a mechanUl mixer which was comiected to a spray nozzle ^l}??'','^*^'^ /Ti^^^'^ml^ v 
by^^aperimlticC(»vcyorsyslHn.TlK:proportionof 78205. Nantes. U Jol«. 

SSiixed^thei*ot^aS^tu«edto9kgfibre^m' gS?-.^SlSr m S sTsleJ^Na 
shotcrete. As soon as the mixture becamehomogeaeousO*. so ™*^f^^'*i^,,^?2rSrfL^^ 
aflff it was mixed for a period of about 4 minutes) it was FA 921103Q follow^ by a «^°:«®^^^^*J^„ST^ 
passed along the peristal cotweyor system and sprayed ^^^^^^ ^^Jj?,^^^^^ 
through the spray nozzle into a mould to spray-cast a square 510027 (Re^ No. j-^ase coat. 

paneloT slabhaving sides of 600mm andathicknessof 100 desIgnatedE\9212«6^foeachcase^»^^l^^^^ 
Ln. After die sp^ casting, the panel or slab was lea in the 55 ««*layerbcmga I«st 2 ^m thick^ihe ti^^ 
TuldiSeraS^i^tairfo 3da^afterwhichthepanelor layers amoimtmgm total io f^f^J^^^^^^'^ 
platewaswat«-cur«,for25da^V^a^^^ StS oL^tsS?*^? S^S/^^^^^^^ 

tests were conducted on the panel or pla«. 2S la^ was alto»-ed to <£ by leaving it exposed to 

■me energy-absorpuon tests watered out by support- ^t^J^^tBic for a period of3-12 minutes, before 
ing each land or plate !«,,«00 «.m «lges w^ 60 ^"^^^^^SappliS^td each layer was appUed 
cenlxe-point-loading was apphed thereto over a cotto^ rslv-p^.llic find layer was altowed to dry for 10 
square area having sides of 1 00 mm. r^P^Uv^y Para"'' ^S^S baked at 80» C. for 30 mimttcs. The final 
the 600 mm sides of the panel or plate. The load was apphed ^^^^^^o the air at room temperaJwc for a period 
to the ace of each panel or plate opposite to the dnection ^'f^^Sfa," pull-ofi-tesls were^rformcd 
fiom which the mixmre arrived m the mould fiom the spray 65 f <^y^ Z \^J^,u. ^„ ^,tZs Tables 5 and 6 
nozzle, le. the load was apphed to thc fece of the panel or to the ve«s ^^^^V^J^f^^^, ^ 
slab which, during the ^y-casting, had rested on and hereunder the foltowmg paint was apphed. 
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A two-component polyureOiane pigmeated topcoat 
obtained &om Dulux AECI Paints (Proprirtary) Lunited, 
ALRODE, 1451, Gauteng Province, South Afhca. Tins 
white-mgm^itcd topcoat paint with the trade dwignatton 
DUCO DURATHANE K Enamel Cathkm WhttoWit (RcL 5 
No D 928-0025) and a hardener designated Slow D 
928-0809 were used In each case four layers of the two- 
componemt topcoat were aj^lied, amounting to ap^xi- 
mately 50 in total thickness. After the application of each 
layer a aash-olfp^iod of 3-12 minutes was aUowed before lo 
the foUowing layer was applied. The final layer was allowed 
to dry for 1 0 minutes. The final layer was exposed to the au ^ 
at room temperature for a period of 3 days before the pufl-ofl 
tests were pcrfbnned. 

'W^ter contact angles were measured, using a Cahn PC A 
322 instrument obtained from MET Systenis, 3 Gaiety 
Street, Rolmidale, Randbuig, Gauteng Province, South 
Aftica. The advancing and receding angles were measured 
as described m Ac Cahn DCA operating manual, using a 
stage speed of 50 Mm/s. 

Adhesion of &c paint to the san^lc was tested by adhe- 
sively securing metal-backed test pads to the painted 
samplc> using a cyanoacrylatc adhesive available from Loc- 
tite (South Africa) (Proprietaiy) Limited under the trade 
designation of LOCTTTE 496 CYANOACRYLAIB. PuU- 23 
off adheaon strength was tested in accordance with Inter- 
nationa] ISO Standard 4622-1 978(E), using a ^ mm diam- 
eter test cylinder adhesively secured to the painted surfece 
using said Loctite 496. The test cylinders wene pulled fiom 
the painted test samples by means of a tensile tester, the io 
force in Newtons (N) reqmied to break the test assemHy was 
recorded together with the standard deviation. The brealdng 
strength in m^aPascals (MPa) is given by F/314, where F 
is the breaking force in Newtons, and the test cylinders were 



12 



of Herberts BN RG Persan base coat were apphed followed 
by two layers of dear coat The four layers had an approxi- 
mate thickness of 52 ^un. The painting took place ato 
exposing the oxyfiiuorinated samples for 24 hours at 25* C. 
to humid ambient air to hydrolyse Ae oxyfiuorinated sur- 
faces. The standard de\'iation measured during the evalua- 
tion of the paint adhesion strength was about 1.4 MPa. 
Results are set forth in the followir^ tabic Table 2. 

TABLE 2 

SP 179^22 nwttfuii «: 25* C. to 5 kP* 20% TytiyTS kPa «r 
mUlure pmted wilb Hfirixata Penwn 1-K t»«e cOflt/2.K clMf cost, fttter 
a poting thg »»rf»ge to humi ^ >^mhient air for 24 



IS 



20 



F1uonn« 



Oxyfloofinatmg 


Breaking 
force 
(MPa) 


Naturt of 
failure (%) 


con* 
ccntratton 


0 


0 


lOOA/B 


0 


5 


539 


60A. 4QA;B 


2.9 


10 


AM 


80A,20A/B 




15 


5.06 


£>0A, lOAJB 


3.0 


60 


6.S9 


1 00 A 


3.2 


300 


6.74 


100 A 


S.8 


900 


6.25 


80A, 20A/B 


4.3 


1600 


6.54 


1 00 A 


4.8 


%600 


6.64 


aOA^ 20A/B 


6.4 



Water cofitflCJ 
wivroce/ 



91.2/43.a 
75.5/54,2 
63.4/25.8 
56.5/15.9 

65.5/20.2 
67.7/20,5 



From T^ble 2 it is clear that excellent surface activation 
and paint adhesion were obtained from a 5 second exposure 
time onwards and that no decrease in the adhesion streaigth 
was observed for longer times» even after 1 hour of oxyflu- 
orination. Ahlwugh very HtUc change in the amount of 
. . . , ^ surfiice-incoroorated fluorine was observed, mitial changes 
isthebreakingfon^inNewtons.and^etestcylmdersw«e ^^^^^^^^ were sensitive measures for 
20 mm in diameter. The fracture surfaces were examined 35 ^Jl.^^^,!^^^^^^ 
and the results weie expressed as the percentage area and m 
terms of the site of the fracmre, expressed in tenns of 
adhesive-, cohesive* or adhesivx/cohesive failure, hx 'I^bles 
4^9 the following scheme was used to describe the site of 



adequate activation. A surprisingly small amount of fiuonne 
was tncorpoxated in the surface. 

Example 6 



fiacture. 

AKllohfisivc Mure of the sample noaterial 
A/B=Adhesive feihire between sample material and first 
coat 

BKIohesive failure of ^ coat 

B/C»Adhcsive feihne between fhst and second coats 

-/Y«Adheswe Mure between final coat and ad!^i\^e. ^ 

In Examples 5-10 a single-component paint is referred to 
as a l-K paint, and a two-component paint is referred to as 
a 2-K paint. 

Example 5 



40 



45 



Example 5 was repeated excqA that the painted samples 
were immertcd in wata at 40« C, for 10 days before the 
paim adhesion sttcngih was evaluated. The standard devia- 
5on in the breaking force was about 2.0 MPa. Results are set 

£6nb in the following table, l^ble 3: 



50 



Samples in the form of plates made of the RlPO SP 
179- 22 having dimensions of 1 0 cmxl 0 cm were exposed to 
an oxyftuorinating atmo^here at 25° C. in a reaction vessel 55 
afto" evacuating air from the vessel to a residual air pressure 
of 25 kPa. The oxyfluorinating atmosphere was formed in 
tbe ve^el at a total pressure of 30 kPa. Ihe chaiged vessel 
contained a gasA/apour mixture made up of humid ambient 
air with a partial pressure of 25 kPa, and of an F^/Ni gas 60 
Hiixlure at a pardal pressure of 5 kPa, tl» F^/N^ mixture 
comprising 20% by volume and 80% by volume Nj. This 
gas mixture will be referred to heramder as *5 kPa 20% 
F2/N2/25 kPa air mixhire*. Oxyfiuorinating times w«-e var- 
ied from a minimum of 5 seconds up to a maximum of 1 65 
hour (3600 seconds), to obtain various different surface 
concentrations of fluorine on the treated surfkce. Tivo layers 



TABLE 3 


SP 179-22 m«tcria! «tpo««l et 25" C. to 5 kPa 20^ FyNa^25 kP« 
•ir mixture palmed with Herbert* PcrMn 1 btic coat;2-K clear 
cwx ftfler 24 ham exposure to ftir, followed by 10 daya of 


Oxyfiuoriasiing liflw 
(wconds) 


Breaking strength 
(MPa) 


Nstva-e cf failure 
(%) 


5 
10 
15 
60 
300 
900 
1800 
3600 


5.10 
6.90 
6J9 
5.89 
8.21 

n.6i 

7.97 
4J8 


f)QA, lOA/B 
100 A 
lOQA 
lOOA 

taoA 

100— 
100— 
lOOA 



From comparing the pamt adhesion strength before water 
immff sion (me 2) to that after nnmcrsion (Thble 3), it was 
clear that no decrease arising from the immenion was 
observed, hi fkct. an increase was generaUy observed. 
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Example 7 
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Using Ibe same material, oxyfiuorioation and painting 
condilioos as for Example 5, but with an oxyfluoimating 
time of 10 seconds, the influence of different partial jarcs- 
sures of ftuorine was investigated. The results are sununa- 
UTjoA in Table 4 hereunder. 

From T^ble 4 one can deduce that a partial pressure of 1 
kPa of (5 kPa 20% F^/Ny'IS kPa air mixture) is adequate 
to induce excdlenl adhesion strength- 

TABLE 4 ^ 

Mct«rt«J SP 17$-22 exposed 25" C. lo variow inaiures of 

and air with Oie air «l 25 kP« ftnd U«> Fj/Ks «t vtmom different 
pressures for 10 second* and thea peintcd with Herberts PefWft !»ft 



Premtre of 20% 
Ji^m^ added to 
25 kPa Air MiKture 


Bresking 
Strength 
<"MPa) 


Mature of Failure 
(%) 


Wtter Contact 

Angle n 
Advartcc/Rcccdc 


1 


No sdhesioQ 


No odhesioA 


100r72.9 


2 


No adhnion 


Ko ttifl>«sit>n 




3 


7,09 


lOA, 90A/B 


64.8/30,3 


to 


6,U 


100— 


6S,V293 


2a 


8,02 


40A/B,«Wy 


603/20.2 


30 






59,7/24,4 


40 


9.44 




«2.2.'23.2 



Example 8 



after exposure to the aunosphete. on the one hand, 600 
seconds after oxyfluorination, and, on the other band* 7 
months after ftuorination, lite paint adhesion was evaluated 
after the painted sample was submerged for 10 days at 40 
5 C. in water-~See T^We 6, Samples Nos. 1 and 2 ha^under. 
Comparing the adhesion strength with that of a sample 
Minted after 24 hours after oxyfluorination (e.g. adhesion 
sitoigth of 7,66 MPa at 25^ C, in Table 5) it is dear that pamt 
acflieaon strength was not influenced by the hydrolysis tune 
of the substrate before painting. 

Painting the oxyfhKMfinated sample after 7 months ot 
exposuie to Ihe atmosphere had no detrimental effect on 
a&i<Hi strength, as is jqjparent from a comparison of the 
respective breaking strrngtiiv-ahies of 6.7 MPa and 6,8 Ml a, 
respectively of Sample 1 for 600 seconds and Sample 2 tor 
7 m^lhs in l^ble 6 hereunder. This result shows that surfece 
OJQ'fluDrination can be regarded as permanent 

To deusrmine whe&er or not the paint adhesion stna^tfa 
deteriorates wift time, an SP 179-22 sample. Sample 3 m 
Table 6 hereunder, was oxyfluorinatcd in the same fashion as 
for Samples I and 2. Sample 3 was exposed to an- for -.4 
hours after oxyfluorination, before being painted with Her- 
berts Persan J-K base coat followed by a 2-K polyurethane 
clear coat (see paint system (a) in Example 7 hereunder). 
After one yearns exposure to the laboratory atmosptoe the 
oaint adlwsioa strength was ctetermined and a value of 10.3 
MPa was obtained (see Sample 3 in Table 6) indicatoig that 
no loss in paint adhesion strength took place after one year. 
fiideed» samples submerged for 3 months in water at 50 c„ 

did not show any decrease in paint adhesion strength. 



15 



20 



25 



30 



35 



As for Example 5, all SP 179-22 plate ^mples were 
oxyfluorinated for lO seconds using 5 kPa 20% V/t^JlS 
kPa air mixture, at different temperatures, Ihe paint adhe- 
sion of the samples was evaluated after 10 days of water 
immersion at 40^ C. The results are summarised m T^ble 5. 
From Table 5 it is clear that good adhesion was obtained 
over a wide oxyfluorination temperature range, but that 
adhesion decreased substantially when oxyftuorinating near 
the melting temperature (169** C) of the plastic substrate. 
Comparing the 70.3^ contact angle at ISC'" C. with that of 40 
Thble 2, it was to have been expected that excellent adhesion 
would be achieved. This indicates that contact angle changes 
are not sufficient to predict adequate adhesion after water 
imme3r$i<XL 



TABIJB6 



Malerial SP 179-22 exposed at 25^ C. to e 5 kPa 20% F:,/NV25 kPi 
air ittixture for JO socoads. and then painted wrth Didux 
Ca!hkin Whitft end evBhatt A diffofent excQgure limea, 





Breaking 




Sample 




Nature of feilure 


Ko 


(MPa) 




1 


<S.7<^> 


10A»«)A/B 


2 




2OA.50A/B, 






3o-/y 


3 


ia3<»> 





nuoriae Water contact 
Concentration angJe 
<pgF/c«r) advencc/rcccdc 



15 

Not measured 



63,1/34,6 
Not measured 



Not measured Km sncaawcd 



TABLE 5 



Mfitetiai J?P 179-22 oxi-fluorinaicd al « dumber of different tenq^tures 
by exposure to 3 kPe 20% Fj/N J25 kPa air msxtiffe fbr 10 seconds and 
ihen Bainted wi!h Dulux C»<hkia White after ^poytn?, «^ «ir fer ^4 hWff. , 



<'>l^iaied 10 minutes after aufi^c oxyfluorin«ion 
<»ip«inied 7 aioniia After surface oxyfiuoriiMti^ 
('^reBking rtwoglh evaluatod one year after painting 

Example 10 



Qxyfiuorinatiaa strength 



Breakiag Nature of 



ftilurc 



Fluorine 

Ccm. Water contact 

cmtration angle O 

(Hgjefetf^) advance/recede 



25 


7A6 


10A.90A« 


2.7 


63.a04.6 


50 






2i> 


60.834.1 


too 


7.60 


50A,50A/B 


3.2 


53502.2 


ISO 


No 


Ho adheuoa 


29 


703/37.1 




adhesioo 









50 



33 



60 



Example 9 



Using the same oxyfluorination conditions as for Example 
5 bttt fixing oxy ftuorinatrog time at 10 seconds and using a 
5 kPa 20% F2/N2/25 kPa air raixmre, an SP 179-22 sample <S5 
was oxyfluorinated. tostead of waiting for 24 hours before 
painting, the sample was painted wifti Duhix Catbkm While 



For this example a number of different polyolefin mate- 
rials, known to be difficult to paint, were oxyfluonnated and 
panned with a variety of diffterent paints. The following 
substrates woe oxyftoorinated: 

(a) A reactor-grade polypropylene SP 179-22 manufadured 
by Montdl and obtained from Bruneal Plastics (Propn- 
etaiy) Limited, PO Box 2g9, Lonchill 2062, Gauteng 
Province; 

(b) A block copolymer manuiaetured by Plastpmark (Pro- 
l»ietary) Limited of Higbchem Park, 16 Road, 
Midland, Gauteng Province* Rei»iblic of South Africa; 

(c) Apolypiopylenehcmopolymer &om Polifin Limited PO 
Box 72, Moddeibntein, 1 645, Repubhc of South A&ica; 

(d) A random or statistical polypropylene copolymer caDed 
Stat from Pbstomaric (Proprietary) Limited; 

(c) A high-density polyethylene (HDPE) manufactured Ijy 
BASF South Afiica (Proprietary) Limited, 852, 16th 
Street, Midland (Designation Lupolen 526125). 
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(f) A linear low-density polyethylene man^jfecturcd by Poly- 
fin Limited (Rotational moulding grade 3185). 
Samples of these olefin materials were oxyfluorinated by 
exposing ihem at 25*= C. to a partial pressure of 5 kPa 20% 
V^liJlS kPa air mixture for 10 seconds and then painimg 
them after 24 hours exposure to air with the followmg painU 
by spray-painting the surface to apply one of the foUowiog 
paint systons: 

(a) A l-K polyuiethane base coat with the trade ctesignation 
Herbwts BN RG Persan 777 RN (RN 313. 565) followed 
by a 2-K pohrurelhane clear (top) coat with the trade 
designation VEKNIS MCEC510027(Ref. No, 9213226/ 
FA 9213227) and a hardener (Ref No. FA 9212586). 

(b) A 2-K topcoat with the trade designation DUCO 
DURAJKANE K ENAMEL Cdtbldn White (Ref No. D 
928-0025) obtained from Dulux (Proprietary) Limited, 
PO Box 911641, 117 PhiUips Street, Rosslyn. Pretoria, 
Gauteng Province, 

(c) An Epoxy 2-K paint mth the trade (fesignatioani Duhix Hi 
Chem Epoxi-Bmalje Brilliant Green (Ref No. D 355- 
0221) and a hardener (Ref No. 39490) obtained ftom 
Dulux (Proprietary) Limited. 

(d) A 1-K water-borne base coat (WBC), foUowed by the 
2-K clear coat mentioned in (a) above, from Herberts. 

(c) A 2-K sott-touch coat, trade des^aation Karl Waiwag, 
\V5iopur-Softfeelladc Schwartz Nach Matt (Rdl No. 



10 



15 



20 



(0 A 1-K laimer trade designation Plascon l-K A/Dry 
H/Bnild Pd for P/Propyl. EPDM obtained ftom Plascon 
^berts). PO Box 1594. Port Elizabetli 6000, Eastern 
Cape Province, Republic of South Afiica, 
From T^ble 7 hereunder it can be seen that oxyfluorina- 
tions ((aHW sencrally led to improved paint- and primer 
adhesion wten conned to the adhesion of a pnmer on a 
surface that had not been oxyfluorinated. Polymers contain- 
ing propylene (RTPO SP 179, block copolymer, homopoly- 
mer, and random copolymer) showed bett j adhea^^ &an 
those containing only ethylene (HDPE, U.DPE). llie adhe- 
sion of paints applied direcUy to an oxyfluonnatpd surlace 
was m most cases equal or better than the adhesion ot 
primers on an oxyfluorinated surfecc. 

It should be noted that the water-based or water-borne 
base coat (d) could be applied directly to the oxyfluorroated 
surface witlwut first applying a primer. Thus, the use ot 
acaesion promoters is not necessary when substrates are 
oKyfluorinated before paint appUcation. This can elmnnatc 
the cost of applying expensive, environmentally unfriendly 
primer coats. Ihis fkct, as well as ihc exceUcnt adliesion 
otoined on an oxyftuorinated sample with a water-borne 
base coat, can significanUy reduce paintmg costs and reduce 
health risks for work»s applying paints. 

The soft-touch paint ((e) in Table 7) showed exceUent 
»dhesicmto polypiopylene-cantaining polymers. Soft-touch 
paints are gcacrally applied to highly isotactic po^propy- 
lene block copolymers used for the intaior tnms md 



Woropur-borneeuacK ;>cawdiu; i^awi v*^- iwv w^r-v -—v - . ^ ^ 

64090)mit Itotner (Ref. No. 57859) obtained from Karl 30 dashboanls ofrntamnFtm "^We 7 rt c» be 

WBrag Udc-uDcl Farbenfabrik GmbH & Co, Stroh^n the adheri-m of d» soft-touch pauit was exccUent on ihc 

Stiasse 28. 70435 Stuttgart, Germany. blodc copdymcr. 



TABLE 7 



™24 h wi* wrioui p^te) Show* the brcking ««a8tt> of the pnmef wh« mM » «» «™« 

not oxyfiitorinftted. . 



ManufKturcr 



RTPO 
SP 179-22 

Nature 
nrttlcing of 

ttrcngth failure 
MPc 



Block 
copolymer 



Nature 
Br««kh3g of 
fttraigtb Failure 



Homopolygig 

Nature 
BrcflJong of 
aircngth &ilure 
MPa (H) 



(tt> 1 -K ba»6/i.K ci«» HefbCfU 
poiyurethaoe 

(b) Polyurethaite 2-K Uip coat DuhiK 



(c) Epoxy 2.K 
(<DWBa2-K€lesr 



(e)SoS 



DuUix 
W5rVBg 



(0 l-K Pfimcr/pQlyweflttiift Haicai/DulOT 

i-K top cos? 

(g) Same a (0, but Pl«»«»rt)uluji 
«ufa«tnites unfiuofioAted 



4,7 + 1,4 90A, 
lOA/B 

6,7 ±2.0 lOA. 

90A/B 

tf.P±0.8 100B/C 

6.S±2.} lOOA/B 

5.0±tJ 2QA, 
30A/B 

3,3 ±1J: 70A. 

30Am 
Z8±0J lOOA/B 



9.5 ± 2--^ lOO-ZV 
J3.4±Zl \0K 

7.3 ±0.6 lOOB/C 
9.8 ±1.1 50B. 

50A/B 

7.4 ±1.7 WMT 



l.l±0.2 lOOAflB 



6.9 ± 2.2 lOOA 

10.4 ± 4.0 100A/B 

7-8±lJ lOOB/C 

5.2 ±1,5 mBIC 

7.8 ±1,6 (SOA. 

4.9 ±1.1 K«W^B 
± 1.0 fOOA/B 



IUndom 
copolymer 



HDFE 



Nature 



Nature 



IXDPB 



Pamt Type 



Breaking of Breaking of Brtaking Nature of 

strcB^h ftihire «r«igdi aUure strength failure 
MPe 04) MPa (%) MP* 



(&) |.Kbase/2-K clear 
poliuretfaane 



3.3 ± 0,6 lOOA 4.2 ± 1 .0 lOQAm 2.1 ± 0.3 lOQA/B 
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TABLE 7-conUnucd 



tun oxyi!uorinftted. 



(b) Polyurctfaiaws 2-K top coat 

(c) E^xy 2-K 

(d) WB02-Kc1e4f 

(e) Soft tauch 

(0 I-KFrimer/ipolyureafflae 
cofti 

(g) Same«C£%^t 
subatrates unftuonnatoiS 



15 ±1.4 lOO/B 1.510.6 lOOA/B 



6,\ ±2.4 20A 
SQA 

5.7 ±0.2 100A 
6.1 ± i4 20A, 

8.5 ±2-8 20Am 
80-/Y 

5.06 ±0.7 lOOA^ 3.8 ±1.2 ICKWB 1.7 ±0.2 lOCWWB 

3.1 ±1.0 lOOAm 1.210.2 lOOA^B a$±0,2 lOOA^B 



3.3 ± J. 0 lOOA.'B 1,8 ±0.6 lOOA/B 
M±IJ) lOQAm 1.8 ±0.4 lOOA® 

3.310.8 lOOA/B U±0.3 lOOA/B 



process of the present mventon is «aP«»'«of pwlucm^ ^S^ttSy^^n a reacSn vessel. Tie am^ 
products with regard to which stibstaitod teataDj force » ^f^^J^^ of to ambient air used was 50-70% 

are required to break the bond betweea the oxyflommted J^^^^™ of c^g out Examples 11-13. 

surface of O^e sample, and the tot or towermost ixunMayex '^'^ J^^.^f^^^s used to create a gas/vapour 

appliedthereto. Typically Imlme f^f^'^J^Jf. J^'KTx^tSating atmosphere having a desired 
oxyfluorinated surftce. m ftc mataia ^e sample^r at i^,y'in a reaction vessel, 

the outer sur&ce of the paint, at die interface betweoitoe "'^^^fj^doxyfluorination atmosphere of about 

paint and the adhesive. In none of the tests was more torn .^^^S^^^Zt^TZ oxyfluorinatlc^ atmosrihere 

of the site of the ftilur^ made up of adhesive Mure ^f^^j^^^'^.'^S^SS w^ 

between the oxyftaorinated sample surface and t^ to or «f;»5g"5^;;;^2SSbl^ly designated 

^^LsuchadSveMureatthesample^ ^^^^ithl L^^^^tSSrS^^^^ 

(usually between 30% and 70% tetetive humichty) of fte 5 3, ^^"7^^^ flow line 34. The flow line 34 was 
fcPa 20% m m mKtt« eniplojn^ m E«n^ ^ ^^^^ respectively desig- 

5-10 contained sufficient humidity fiw the 5 KPi 20% PYT«^r38. joined together by a flexible metal bellows 
Fj/Nj/lSkPaair mixtuiB to have a moisture content m terms n«ea»ana ja.jouuxiios , 

of water vapour of 2-10 mg^. How line 34 branched flom a manifold 42. to which woe 

Further tests, as set forth hereundCT m Examples 11-13. 40 <^ , phuaHty of flow lin« respectively designated 
were carried out to compare dry oxyfluonnauon with oxy- ^"^^^K^ ^ 

fluorinalion using the gas,Vapour mijdure oxyftionnati^ Flmlr Bne 44 led K) 8 vacmnn pump 52. and was separated 
atmosphere of the present mveahon. contammg water JJ^'^i^ of to mamTold 42 by a shut-oiT valve 
vapour, in Examples 11-13. to polypropy leiie homopoly- !?l^^^^*iS^eredtomnifold42onthe 

S!ed^sSnrmi.^»£Srs "f£«Vr^^^^^ 

«v» 1 T npn HR d«/yftfi simply Ime for a nuxmre ot r2/N2. ana now u» 

enccLLDPEHR45W6. -.u .w « t»o^dded with a imdating valve 58 was a dry synthetic.air 

Sample prepamtioo was do^ m « Syl.^ hi tSto Lw line 50 was provided wWi a 

described above for Examples 5-10 except that, mstead of ^j^J^: „ regulating vaWe in the form of an 

wiping wifliisopropand. ^^^^^^^^.^L^^ J^WeJ^te ^t, 62^lS to a gas-wash boWe 

overnight. The pamt used was the DUCO DURAIHANE K. ''^rr^... « ^ wovided with an air inlet pipe 68. 

ENAMEL CatUdn White^Jit (Ref. No. D 92W)02S) top SnSSS^ffio^rstowncomiectStothe 

coat painVSlow D 928-0809 liardowr combination ftom ss ™^;°KT^weline 72. 

DuluxVlPaintsCProprietary)^^^^ ToL wol^ TrSTtc^r 24 was a ^ess stec. v^sel 

When an t^xy adh«ive is referred to m Examples 11-13 in «^ t«nnerahire in the reactor was 

i, is that amiable fiom Pratley MamOacturing & Engineer- ^^'^^^^^T<:^^^^X^s 

ing Company (Pmprietary) Limited. Fadoria. Krugersdoip, «f^^ '^LT.i-^^^f^^ fl<>^We m^^^ The 

Vh. Box 3055. Kenmar. 1745 Oautcng Province, So^ « ^J^^f,^^^^ZZ=27Z^ was used to 

Africa, uider to trade designated Pratley Quickset White reactor 24, Two 

Epoxy GhK. which was used in accordance with to manu- J^^o'f, we^S55)toS air 

fecturer's instructions. Adhesion was evaluated usmg to ^^^^"•"^'f!?^^^ to to manifold 
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Vacuum pump SI was connected to manifold 42 via the . ^ ox>'fluorinaticm process. 
ttormaUy closed valve S4 and was used to evacuate the 5 ^^^^ temperature of the reactor was controlled as before, 
manifold 42 and reactor 24 before each run. The ^xss\irc 5g 5^ ^^re closed as before, 
transducer 70 constantly measured the pressure m the mam- T^-reafter the apparatus was evacuated, foUowed by flush- 
fold 42 and reactor 24 of the apparatias 22 to ^j^^^^^^. ^ 3 pressure of about 80 kPa with dry synthetic air &om 
of evacuation of S rSr^nected to liru. 48 by 

S^aVStS acb^^ the loading of the F/N, order to remove any ixaccs of water from the manifold 42 

mi^ure before the oxyAuorination process. During humid and reactor 24. Dry air was then bled mto the mamfold 42 

oxyfluorinatiou air/water vapour mixture from gas-wash ^ jA up to atmospheric pressure, before closuig au 
bottle 64 was loaded via the manifold 42 into the reactor 24 i5 ^^^^j^ opening the reaclor lid 26/Prc-dried test samples 

by opttiing valve 60 and adjusting valve 62 to achieve a into reactor 24, whcrcafler the 

desired loading rate. Instead, for dry oxyfluorinatiOT. dry replaced and scaled with 0-ring 28. A 

a) Oxygen— 20-22% by volume to a specified pwssure via valve 58. Valve 56 was ttien 

b) Nita)gca-ftc balance " slowly opeaed and mixtute admitted to the mamfbW 

c) Water— less than 2 ppn 42 and reactor 24 to a specified partial pressure. Valves 56, 
HumidOxyfluorinationftocedure 38 and 36 were ttien dosed for the duration of the dry 

hi operation the temperature of the reactor 24 was rcgu- activatiott. 

lated at about l-T" C. above ambient ten^pcfature by means j|jg ^ samples were left in contact with the oxyfluori- 

of the beater jacket 30, llie actual recorded temperatures j^i^^ atmospheres for specified periods of time. Valves 54, 

during the test runs fluctuated between 25** C. and 30* C. 33 and 36 were then opened and the gases in the reactor24 

Initially valves 36, 38, 60, 54, 58 and 56 were closed and the ^ manifold 42 evacuated therefrom by pump 52. The 

test samples were loaded into the op©i reactor 24. The fid 26 nianifold 42 and reactor 24 were then flushed with synthetic 
of the reactor 24 was then closed and sealed by means of ^5 ^ ^ evacuated three times as before to rmovc all 

O-ring 28, Valves 54, 36 and 38 were then opened and the residual fluorine and hydrofluoric acid. FinaUy, synttetic dry 

mamfold 42 and reactor 24 of the apparatus 22 were ^asaUowed to flush the reactor 24 duough valve 58 up 

e\'acuatedtoaslowpies8ureaspo»!ibfcwh«eaftervalve54 ^ atmospheric pressure iJi^ereafter the Ud 26 was opeied 

was closed. Valve 60 was Uiea opened and humid «r was ^^j^j t^st samples were removed from reactor 24. 
admitted into the manifold 42 and reactor 24 at a desired rate 

by means of needle valve 62 to allow air of about 75% or Example 1 1 
more relative humidity into the reactor 24 up to a specified 

pressure. Valve 60 was then dosed The F^/N j mixture from Polypropylene homopdymer samples were cleaned and 

line 46 was then admitted up to a specified pressure 10 the 43 sutgected to dry oxyfluorination in the absence of 

manifold 42 and reactor 24, by slowly opening valve 56. vapoisr, and to humid oxyfluorination m Uk; presence 

Thereafter, valves 56, 38 and 36 were closed fi>r the duration samples subjected to dry oxyfluorina- 

of the humid activation. jion left for 24 hours in a sDica gel-filled desiccator 

The test samples were left in contact with the gas mixtures ^ oxyfiuorination, whareas those subjected to humid 

for specified periods of time. Valves 54, 38 and 36 were then oxvfim»ination were equilibrated m a closed vessel with a 

opened and the gases in the reactor 24 pumped off. Valve 54 humidity of §95% prior to oxyfiuorination. All 

was then closed and air from the aunosphere was adm^t^d were^ftuorinated for 10 seconds. For the dry 

to the manifold 42 and reactor 24 by openmg valve 60. samples w^ 

Whenthepressureinthemanifold42andreactor24reached oxyfluormation. samples were expos^^ 

about 80 ld>a. valve 60 was closed and valve 54 was opened gas atmosphere consisUng of a F^/N^ gas mixhwe ai a 

to iw pSp M to of the manifold 42 and pressure of 3 kPa, the F,/N, mixture wsmg 20% by 

fc,^OTu!Zs l^^^^^ and flushing with air volumeF.andSOo/oby vohmieN. and^ 

was repealed three times in order to tt^move any residual an O^/N^ mixture comprismg 21 ^y'^T'f^^^^^^ 

fluorine and hydrofluoric acid from the reactor 24. Finally, volume, at a pessure of 25 kPa. The total reacuon 

air was allowed into the reactor 24 through va^e 60 up to ^ p,essutt was thus 28 kPa, and the atmosphere compnseo 3 

aimosphwic pressure whereafter the Ud was qjencd and the parts by vohmie of the Fj/N^ mixture, nuxed witli 2o parts 

test samples removed from the reactor. by volume of tl» Oj/N, mixture. For the hunud oxyfluon- 

^ ^ ^ . ■ D2tion the atmo^hore was the same, except that the <hya^ 

Dry Oxyfluormation Procedure was replaced by comprising OjandN^ in the same 21:79 

bottle attached to line 48, instead of hunud air from the set forth m laDie 8. 
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TABLES 
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2.K poivwslume paiitf a<ih«sion strengths on <iry- and hunud 
oxyfti^ted polyj»op>'iene »«n»plcs, S«mpl« were painted 
» ^ t^^ 1 hniif of oxvmwrmgM, 



Dry Qxyfluof inatioTi 



Gresking 
Slwnglh(MP«> 


Nature of Fdiiure 


Brcakii;g 
Sronglh (MPs) 


9.88 




i3.62 






9.73 




100% A/B 


11,40 


10.79 




12.18 


7^5 


50%A.'B. 


13.79 








Meen 




MieM 


9.2 1 US 




lit ±1.7 



Humid OKVfluoriPtttioft 



Neture of FflUurs 



9(WS-^, lOH A/B 
90%— a; 10% A/B 
100%— /Y 



10 



15 



polyethylene substrate and the paint coating. As with 
Example U, the increase in breaking streagdx achieved by 
humid oxyfluorination was substantial 

Example 13 

Example 1 1 was repeated except that the paint coating of 
Example 11 was replaced by a abating of Pratley Quickset 
White Epoxy Glue, Results are set fwih m Table 10. 

TABLE 10 

?ratlcy Quick«i While Epcxy Olufi adhetion rtrm^h on 
oolvprop yle^^e lyQmot»lvmcr. 

n^QCTfliioriflatka 



20 



It was noted that fi)r the dry oxyfluorination the adhesive 
&ihirc generaUy occurred between the polypropyloie sub- 
strate and *e paint coating, while for the humid oxySuon- 
nation the &ilui» was between the paint coating and the 
adhesive, indicating superior paint adhesion to tlie substrate 
when humid oxyfluorination was employed This was 
emphasi sed by me significant inaeasc in average breakmg 25 
strength from 9,26 MPa to 12,14 MPa when diy oxyfluori- 
nation was replaced by humid oxyfluorinatioatt. lliis was 
coupled with a substantial decrease in standard deviation, 
suggesting that humid oxyfluorination is more iKMiK^encous 
than dry oxyfluorination, leading to a more reliable acdva- 30 
tion of the substrate with the potential for belter quality 
controJ The nature of the laihire for the humid oxyfluori- 
nation samples indicated that the A/B bond strength was m 
fact greats- than the average value of 12>14 MPa. Further 
tests using ambient air showed that a drop from 75% or 35 
higher down to 65% relative humidity in the humid oxyflu- 
orination gave a mean breaking strength of 12.43 MPa, 
which compared fa\'0uiably with the 12,14 MPa in Table » 
for 75% relative humidity. 

40 

Example 12 

Example 11 was repeated on rotational moulded linear 
low-density polyethylene, wifli an hiaease of reacdon time 
from 10 seconds to 3 minutes. Results are set forUi m T^ble '»5 
9. 



Br«aking Strength 
0^) 



Natiirt of Failure 



176 

5.W 
1333 

SA6 
11.18 
Mean 
7,07 ±4.4 



100% A/B 
50% A/B, 50% fii/B 

lOO$6 A 
50% A/B, 50% A 
100% A 



Hiimid Om/fliwrination 


Breaking Strength 


Katuie 


(MPa) 


of Failure 


13.44 


100% A 


13.93 


icon's A 


1Z19 


iOOWA 


13.89 


lOOHA 


Mean 




13.3 ±0.8 





TABLE 9 



2-K poiyurethaac paint Adhesion atiengths on dry - a«d humid 
OTvtbcrincted linear iow- dcntttv polvgthvlwe. ^ 



50 



Dry Oxvftuorication 



Humid Qxv( lttonn&tion 



Breaking 



Naiure of 



Brealdttg 



€.93 




3.05 


1C0% A'B 


1.91 


10094 A/B 


7.07 


100% A'B 


0.78 


100«6 A/B 


5.80 


100% A/B 


i:26 


100% A/B 


3.81 


100% A/B 


5.36 


100% A'B 


3,92 


iOO%A/B 


Mean 




Mean 








4.7 ±1.7 





60 



Wth linear low-density polyediylene changmg from the dry 
oxyfluorination to the humid oxyfluorination effectively 65 
doubled the breaking strength with a substantial decrease in 
standard deviation. In each case failure occurred between die 



In Table 10 test resuhs for certain samples were ignored and 
exchidcd because of uiwven sample surfhces which rendaed 
these test results unreliable. In Table 10 A^ refers to 
adhesive feilure between the polypropylene substrate aal 
the epoxy coating, vMe A refers to cohesive failure of Oie 
substrate. The results shown in Table 10 also confinn that 
dJanging from dry o^Q^uorination to humid oxyfluorination 
led to an impiovanent of breaking strengtli for adh^ive 
coatings as well as more homogcneoi^ surface activation. 
Here tbe epoxy coating also serves as die adhesive for 
securing tbe breaking shength test cylmder to the coating, so 
that no further adhesive is aj^Ued as in the case of pamt 
coatings. 

It is believed that flw process of the present invention has 
broad applkation to a wide variety of solid materials where 
surface activation, partkularly with respect to adiieving 
enhanced adhesion, plays a lok. A broad ^jectrum of 
materials U known to benefit from dry fluorination or dry 
oxyfluorination in tarns of surface activation or modifica- 
tion, which leads to varying d^rees of improved adhesion 
to flowable or mouldable substances such as giues, dyes, 
paints, resins, cpoxies and various cmemitious matnces. It 
is teefore expected that at least the same spectrum of 
matoiats is susceptible to enhanced surfece activation or 
modification by oxyfluorination in the presence of water 
vapour according to the present invention, so as fixrthcr to 
improve their adhesion pnopaties, llius. U is behcved that 
tiie present invention can in principle be ext<3Mled to acu- 
vation of materials such as nattiral organic substances 
including wood, leather, textiles such as cotton and wool, 
and also to activadon of inorganic substances such as metals 
or metaUoids, ceramics, glass, asbestos and carbon. 
Enhanced activation, particularly with respect to adhesion, is 
dius expected to foUow such oxyfluorination. hi particular it 
is bcfieved that the oxyfluorination of metal reinforcements 
in cementitious matrices may have flie effect of ameboraUng 
corrosion of the metal and thus redudng conosion and 
cracking in the matrices. 
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. . 2 A process as claimed in claim 1. whicto^inc|wl« 

Tbe invention claimed is: «. „^„.ri<«, of at «ria^B carbon as the material vi*idi is subjected to 

S^ofUic material of the soUd to m oxyfluonnatmg p^, XeF„ CIF. Cff,. DiF. BrF^Btf,. IF,. OF,, 

Wh^whichisagasA-apourmixturcwMchmcludesat o.F, and mixtures of any two or more tt^reof 
least one fluorine-containing gas which reacts wtt Jhe ^ clami 1. which mcludes 

material of the exposed surface, at least one oxygen-con- . ^'^^ oxygen-containing gas which reacts with the 

ing gas which^cts with tbe material of the exposed !0 ^tecular oxygen, ozone and mix- 

7AXasc,a...c..I.w.^incl«lesdilu.. 

odiermna^ials.thcprocessindud.ngthestepswh«eby.« » ^ to the^^^^^ce^^-^^^ 

the solid material which is subjected to activation oy therewith. 
oxvfhiorinationLs selected fiomthegroupwboseman- ^ a process as claimed in daim I. whi<* n 
bJs consist of carbon, polymeric mataials haxing 3, oxyftwrinating atmosphere, a gas/vapour mijnre of 
constituents which are confined to caibcm and hydro- 20 ^^,^,^,3^ fluorine, molecular oxygen and water vapour, 
gen. dastomeric materials having co^^sttu^ wludi a asdaimed inclaim 6. which inchKles diluting 

a« confined to carbon and hydrogen. P^S^cmt^ Jo^ortiatiiig am>osF*e.B. using molecular mtrogea as 
rials having constituents which are not ©oofined to vtcoxywDJujoim^ 
carbon and hydrogen and which include, m additum a diluent. 

4„ <~.A«n nnd hvdrosen otha atomic specKss as Js g. A process as churned m ciaim 1, wmuu 
LSSts llaSS^nSS^Is baving'^onstitu- exposing'the solid material to a said 
SwSaWnotconlinedtocarbonandhydrogenand sphere in which the fluorme-contaimng^f^ 
S incbde. in addition to carbon and hydrogen ^^j^^ and fte oxygen<Oiitammg «as forms 3-95,, ty 
other atomic species as constituents, and muctures of volcano. . ^ . ^. 

Z twoTmSrofsaidmembere; . . » 9. a process as claimed in claim 1 m which the exposing 

the etposing of the solid sur&ce to the oxyfluormting ^^^^ ^^^^ ^f^^^ to the oxyfluorinatmg amiosphere is tor 
atmosphere is carried out on a continuous basis by ^ „f , ggcoai-l hour. 

continuoudy transporting the soUd through an open- ^ ^ ^.j^^^^ in ^jjum 1, in which the sohd 

ended reaction chamber: and ^„,vni,v « surlace which is exposed to the oxyflooimating attnosphere 

the water vapour acts fiirther to enhance the ffiwnability 3S s« 
ofthe exposed surface, provided by the oxyflnonnatjon «>"^- 

adiieved by said gases, to adhesive bondmg to said , ♦ « » * 

odier materials. 



